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A well developed segmentation and targeting strategy is important for 
increasing the customer base and profitability of a firm. In this thesis, I am looking at 
mail based targeting done by one of the largest non-profit firms in Singapore which 
relies primarily on direct mails to communicate with their consumers and get 
donations. We look at the impact of two different types of mails sent out by this firm 
on the donation behaviour of regular donors. We use the donor/donation data from the 
regular donation program of this firm to empirically estimate a model which takes 
into account both the customer response to mails as well as the mailing decision by 
the firm (i.e. controlled for endogeneity) in order to understand the differential impact 
of each type of mail.  
We look at two ways of modelling the issue. In the conditional model (CM), 
we explicitly take into the consideration the underlying process in terms of the state 
which the donor is in (dropped out or not and upgraded or not). In the Simultaneous 
Model (SM), we do not explicitly build the state the consumer is in into the model but 
build error correlations that take care of this into the model and allow one process to 
affect the other. This allows for building in not just the state of the consumer but also 
her thoughts which lead to action into the model.   
We find that even though the model set ups are vastly different, the main 
results are more or less the same. Mails explicitly asking for upgrade in donation (i.e. 
increase in the donation amount) as well as mails aimed at nurturing the consumer 
will both decrease the dropout tendency of the donor but there is an interesting twist. 
Due to the inherent correlation between these two decisions (i.e. to drop-out or not, to 
upgrade or not), the mails asking for upgrade actually result in negatively affecting 
the upgrading possibility of the donor. So the firms might be better off dropping the 
upgrade-seeking mail altogether or at least change the design of the same. We also 
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find that if a donor has upgraded before, the upgrading probability and the dropout 
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Profit potential of consumers vary with their backgrounds, needs and perceptions 
and this creates a problem for marketers as they need to know the consumer demand 
exactly in terms of the benefits sought from the product. It pays for the marketers to 
segment consumer in a most logical manner and then offer a customized product or 
undertake customized marketing activities. The customization of marketing activities 
can be of different types. A firm might come out with different products/services 
suited to different segments and their needs. Another firm might have different uses 
for the same products/services across different segments and they will highlight the 
same in their messages. The better the match is between the segment needs and 
product offered, the better off both the firm and the consumers are.  
A well developed segmentation and targeting strategy is important for increasing 
the customer base and profitability of the firm. This increase in profits may be 
achieved through shortening customer purchase cycles, increasing the per-
purchase/overall spend, building greater customer loyalty, deepening cross-product 
penetration or decreasing service and/or support costs. Every firm needs to be able to 
identify the right segment to be targeted and then have the right method for targeting. 
This is important irrespective of the type of firm- whether it is a manufacturing firm 
or a services firm and as such, there has been a lot of research done in this area 
previously.  
In this thesis, we look at segmentation and targeting done by a non-profit firm 
which relies primarily on direct mails to communicate with their consumers and get 
donations. This particular firm has a captive segment of donors who keeps donating 
on a regular basis (monthly, quarterly or yearly) where the donation happens as a 
direct debit from the donor‟s bank account and is credited in favor of the non-profit 
firm. The firm sends out different types of direct mails (in terms of appeals) to these 
donors based on the firm‟s understanding of their perceptions and behavior. For e.g. 
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to a consumer who is new to the regular donation program, the firm might send out 
mails with information on the firm‟s activities, success stories etc which are aimed at 
nurturing the donors and to a donor who has a more involved relation with the firm, 
the firm might send mails asking for increase in their donation amount. The impact of 
each of these types of mails may be different. 
We propose two different ways of modeling how different appeals in these direct 
mails affect the consumers‟ response functions. Using a regular donation database, 
the paper aims to show that it is important to separately model the effect of different 
types of mails on each type of donor response to get a clear picture about their effects. 
The models take care of underlying correlations across the different response 
functions and controls for endogeneity in terms of the number of mails being send out 
is actually a function of the donor response which it seeks to influence. We get very 
interesting insights from our models which is different from conventional wisdom 
and previous literature for each of the models. For example, we find that the upgrade 
mails may not even be needed by the firm and that a donor, who is a male, Indian and 
a non salaried worker, has a higher probability of dropout than anyone else. The paper 




STRATEGIC INTERACTIONS OF FIRMS WITH CONSUMERS- 
CUSTOMER TARGETING FOR INCREASED PROFITS: To Retain Or 
To Upgrade? The Effect Of Direct Mails On Regular Donation Behavior 
1. INTRODUCTION 
Direct mail is used as an important marketing tool by various companies to 
advertise their products, get new customers and increase the involvement of existing 
customers. Even though direct mail is an expensive medium, it has a high response 
rate and hence is popular with various firms (Turner 2009).  In 2010, marketers-both 
commercial and nonprofit-spent $153.3 billion on direct marketing, which accounted 
for 54.2% of all ad expenditures in the United States.  Sales driven by non-catalog 
direct mail marketing rose from $457 billion in2010 to $477 billion in 2011, while 
sales driven by catalog mailings grew from$114 billion to $119 billion over the same 
period (Direct Marketing Association 2011).This shows how important this particular 
marketing instrument is for the firms.  
Direct mails have long been successfully used by non-profit organizations as well 
to raise money from donors. In fact, it is the most often employed marketing tool by 
these firms to garner donations from individual members in a society. In addition to 
soliciting donations, firms use the direct mails to communicate and thereby build 
relationship with their donors. Such relationship helps the firms receive continuous 
support from donors. Firms solicit donations from their donors in one of two ways. 
They approach donors from time to time seeking donations for some specific cause; 
in some cases, firms ask their donors to sign up for a monthly donation scheme if the 
objective is to help a long-run cause such as education for poor children or kidney 
dialysis for poor patients. In such a scheme, once a donor is signed up, a fixed amount 
will be automatically deducted from his/her bank account (or the credit card) every 
month until the donor opts out of the scheme. Many donors like this procedure 
because it saves them the trouble of remembering to write a check, actually writing 
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that check and mailing it to the firm every month. The firms receiving the donation 
send out mails to the donors periodically to communicate with them and remind them 
how the donation money is being used and to what end. These informative mails give 
the donors a sense of assurance and satisfaction that their money is put to good use 
and thereby ensure that they do not drop out of the program. Thus, the objective of 
the mails is not to solicit donation but to retain the donors in the scheme. These 
retention-seeking mails thus form the core of the retention strategy. At the same time, 
however, firms may also try to encourage their donors to increase their monthly 
contribution while maintaining their patronage. Such upgrade-seeking mails are 
designed differently from the retention-seeking mails (Sargeant 1999; Squires 1994) 
because they need to evoke different kinds of emotion and appeal (Small and 
Verrochi 2009). 
Non-profit firms are aware that their mails have the potential to influence the 
donation behavior of people and that different people are influenced differently by the 
mails. Hence, some of these firms, instead of blindly sending one type of mail to all 
donors, use sophisticated methods to identify which donor should receive what type 
of mail at what time (Lee 2001). Specifically, they analyze the response behavior of 
the various donors, develop an informal set of rules (including profiling) and draw up 
targeting plans for a given mail-type that is meant to achieve some specific goals such 
as providing more information, seeking more donation, etc. Apart from forming such 
explicit rules, firms also tend to develop relationship with their donors to such an 
extent that they gain some sort of knowledge and wisdom on things such as why 
some donors donate more than others or more frequently than others. This type of 
tacit knowledge is unlikely to change in a short term or be a part of the mailing rules 
but would nevertheless affect the mailing decisions to a certain extent. To a 
researcher such information is not accessible.   
The presence of such explicit targeting plans and tacit influences imply two 
things. First, there is simultaneity between who a donor is and the firms‟ mailings to 
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that donor. Secondly, there will be some donor-specific unobserved factors (i.e. 
unobserved by a researcher but known to the firm in a tacit manner or as a gut feel) 
that affect both the donation behavior of a donor and the firms‟ mailing decisions to 
that donor in a more or less the same manner. This in turn implies that there is reason 
to suspect some correlation between the mails received by a donor and the 
unobserved factors that affect the donor responses. This is the endogeneity problem 
frequently discussed by marketing researchers. Hence, any analysis that seeks to 
estimate the effect of direct mails on the donation behavior should account for the 
endogeneity effects caused by the simultaneity and the correlation as above. While 
endogeneity issue has been addressed by many researchers in other contexts 
(Chintagunta and Vilcassim1992; Erickson 1992; Kadiyali, Vilcassim and 
Chintagunta 1996; Shankar1997; Villas-Boas and Winer 1999; Cotterill, Putsis and 
Dhar 2000; Gönül, Kim and Shi 2000, Dong et. al. 2009; Ataman, Van Heerde, and 
Mela 2010) it has received only scant attention in the non-profit sector research area. 
The fact that firms design different mail types and send to different donor 
segments implicitly assume that each mail type will have its own unique impact on a 
donor. Researchers however typically ignore the differences across the various mail-
types, clump them all together into one bundle and study the effect of that bundle on 
the customers. In this research, we study the unique impact of each mail-type. Thus, 
studying the impact of different types of mails on a donor after accounting for 
endogeneity is the first objective of our research. 
The two components of donation behavior, namely, „continue donating‟ and 
„upgrade to a higher donation amount‟, have not been studied in detail in the extant 
literature as to whether a donor‟s demographic characteristics determine these two 
components differently and whether they get affected differently by mails sent by the 
firms. Studying this is the second objective of our research. Our finding will throw 
more light on the finer aspects of the donation behavior of a donor and hence will be 
useful for charity firms as such. 
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Given that we can study the two components of the donation behavior, one may 
wonder if these two components are intrinsically interrelated since they are taken by 
the same donor. However, the relationship is not easy to decipher. On the one hand, 
one can argue that a donor contemplating upon dropping out would not even think 
about upgrading, and hence there should be a strong impact of the drop out process on 
the upgrading process. On the other hand, one can counter-argue saying that a donor 
may not contemplate upon dropping out at all when she thinks about upgrading, 
which implies no dependence of upgrading process on the drop out process. But 
irrespective of what the consumer think or feel, the underlying process indicates that a 
consumer can decide to upgrade or stay only if s/he is actually in the program. The 
fact that the donor can think of upgrading only if she is there in the program i.e. she 
has not dropped out, suggests another type of correlation to the upgrade decision 
which can be captured only by building in a conditional relationship between these 
two actions. These arguments seem to suggest that the impact of decision to drop out 
(or to stay) on the decision to upgrade is not easy to guess and hence is better left for 
empirical finding. This is the third objective of our study. Of course, this has to be 
analyzed along with the impact of the different mail-types in an integrated framework 
that also accounts for endogeneity effects. 
Our paper is organized into the following sections. In Section 2, we relate the 
current work to the key results found in related literature in the areas of non-profit 
marketing and direct mailing. In Section 3, we describe in detail our unique data set 
and its features. In Section 4, we present the two different models, do the estimation 
and provide the results. We then compare the estimates of these models. In Section 5, 
we conclude the paper and suggest directions for future research.  
2. LITERATURE SURVEY 
Our focus is on the non-profit firms that primarily use direct mails to influence 
the donation behavior of their donors. We want to analyze the substantive results 
established in direct marketing area, especially in the non-profit sector, while looking 
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specifically at the results established in the research papers that address the 
endogeneity issue. In Table 1 in the Appendix, we provide an overview of the 
literature in marketing related to our work and its contrast with our work. We give 
emphasis to those papers that have dealt specifically with non-profit fund raising as 
well as those papers from direct marketing that are directly related to our work, and 
lay out how our work incorporates and improves upon the existing work that has 
already been done in this area.   
Donkers et. al. (2006) is one of the early papers to control for the endogeneity in 
mailings and thus look at the unbiased effects of donor decision processes. They use 
the Tobit II model for modeling the donor responses and use the Probit model for the 
mailings decision by the charity. Based on their estimates they also develop an 
optimal targeting strategy. Diepen et. al. (2009) added another dimension by 
incorporating competitive dynamics in mailings from multiple charities and the 
responses of the donors in the presence of these multiple mailings. They show that 
own mailings bring about a negative response which may be due to irritation while 
competitor‟s mailings has a positive response on mailings but too many of the same 
still would bring about a negative response by the donors. However, both these papers 
have assumed that all contacts from the firm have the same effect on the consumers. 
But we know from literature and industry experiences that the content of mails sent 
out by the non-profit organizations vary not just in the emotional content and layout 
but also in their appeal, and that donors react differently to these different appeals 
(Chang and Lee 2009; White and Peloza 2009; Small and Verrochi 2009; Desmet and 
Feinberg 2003; Aune and Basil 1994). Thus, in this work we want to separate out the 
effect of the different appeals (retention vs. upgrade) the firms send out to their 
donors using direct mails and how these appeals affect the donation behavior. We 
show that depending upon the type of appeal from the firm, the consumer response 
may vary thus giving rise to a positive response to mails in some cases and a negative 
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response in other cases. We also show that this also affects the type of actions and 
amount donated by the consumers.  
Netzer et. al. (2008) looks at a different set-up where a potential donor gradually 
moves across three stages, i.e. from a dormant state to an actively donating state 
eventually. They model the customer shifting across the three stages as a Hidden 
Markov Model and analyze how this gradual shifting is affected by the firm‟s 
marketing activities. In contrast, in our data set, the donor joins the program directly 
in an active state. Once she agrees to be a donor a periodical contribution would 
automatically be deducted off her bank account and the process will continue until 
she opts out. Hence, the Netzer et. al. (2008) results are not directly relevant for our 
research although some of the results on donation behavior we get are in line with 
their findings. 
Next, looking at the area of direct mailing literature in the non-profit sector, we 
came across only a few articles (Piersma and Jonker 2004; Vriens et. al. 1998). 
Piersma and Jonker (2004) study the optimal mailing frequency problem over a finite 
campaign horizon and allow for multiple responses across multiple mailings. They 
extend the stochastic model of Bitran and Mondschein (1996) and Gönül and Shi 
(1998) to develop an optimal mailing policy that determines the optimal number of 
mails and frequency of mailing. Vriens et al. (1998), on the other hand, focus on 
designing of an optimal mail using conjoint experiments. Although in our research we 
don‟t focus on designing an optimal mailing policy, our empirical results do have 
rather strong recommendations for a non-profit firm that wants to either design an 
optimal mail (like what Vriens et al. (1998) do) or develop an optimal mailing policy 
(like what Piersma and Jonker (2004) do).  
3. DATA 
Data we have used come from one of the biggest not-for-profit charity firms in 
South East Asia. This firm is run professionally employing MBAs from top business 
schools in Asia, hiring experienced doctors and using state-of-the-art medical 
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facilities. The firm undertakes long term patient care for chronic diseases, subsidizing 
a large part of the patient expenses. The organization relies mainly on public 
donations for its operations. It runs a Regular Donations Program (RDP) in which 
the member donors make periodic donations regularly to the organization, usually 
through direct debit from their bank accounts or credit cards. Once a donor signs up 
for this program, the deduction of money is done automatically and these debits stop 
only when the donor specifically writes in to the bank or the firm requesting for 
stopping this direct debit. The annual revenue from this RDP is around US$17 
million, which accounts for a substantial portion of the total revenue of the firm. 
Considering this huge and relatively steady income compared to other forms of 
donations, the firm invests a lot of marketing efforts in nurturing the donor 
relationship so that the donors continue to be part of this program and keeps donating. 
It sends out two types of mails-„retention-seeking mails’ that aim to nurture the 
relationship with its donors and „upgrade-seeking mails’ that solicit an increase in the 
donation amount. The retention-seeking mails provide detailed information on the 
causes that the organization supports, how the donor‟s money is being allocated 
among these causes, and the outcomes of these efforts etc., while the upgrade-seeking 
mails explain the need for more donations thus encouraging the donors to increase 
their donation amount to a higher denomination. Each of these mail types can be 
further sub classified based on their design and content
1
 but they all fall into two 
broad groups: retention-seeking mails and upgrade-seeking mails.  
Given the utmost importance of the mails, the firm takes extra care in deciding on 
the type and the number of mails a donor should receive in a given period. The firm 
looks at the demographics and the donation behavior (donation amount and length of 
relationship) of the donors in their data base every six months, forms segments and 
                                                     
1
For example, the mails to a female donor might have more emotional content than those sent 
to a male donor. 
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decides on the type and number of mails that would be sent to each segment of 
donors.  
We have access to the entire regular donor behavior and targeting details from the 
firm from January 2000 to April 2005, recorded semi-annually. There are 160,308 
donors in the program. After removing those donors with incomplete information we 
have a total of 135,402 donors in the dataset with a total of 763,123 observations, 
where each observation pertains to the donation activity of a donor over a six months 
period. All the donors have joined the RDP in or after January 2000 and as such the 
data does not have any left censoring problem. The firm keeps collecting rather a 
wide range of information on each donor following her signing in with the RDP. We 
have detailed information on each donor‟s demographics (age, gender, marital status, 
race, citizenship status and profession), her joining date and leaving date, her regular 
donation amount, the frequency and the actual date of donation, and the details of the 
mails she has been receiving from the firm on a six-monthly basis. In the dataset 
meant for estimation, 9.04% of the donors increased their regular donation amount 
during the observation period, and 27.33% of the donors quit the program during the 
period of our analysis. 55.74% of the donors are males, 54.73% of the donors are 
married, 43.49% are single and 23.91% of the donors are professionals. The summary 
statistics is provided in Table 2 in the Appendix.  
4. MODEL 
Our focus is on analyzing the effect of the two types of mails on the two 
components of the donor behavior. Once a donor has subscribed to the program, she 
gives authority to the firm to directly debit a certain amount of money from her bank 
account/credit card periodically. This periodic deduction continues till she gives a 
written consent to the firm to make a change in the donation amount or cancel the 
arrangement via a written request to the bank or to the firm. There are thus three 
possible actions by the donor at every time period: she can stop donating totally, she 
can upgrade her donation amount to a higher level, and she can maintain the status 
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quo. For convenience, we call them respectively “dropout,” “upgrade”2 and “status 
quo”. Accordingly, the firm‟s main objectives in each period would be to take steps to 
ensure that the donor remains as a donor and, if possible, encourage her to upgrade to 
a higher denomination. The firm uses two types of mails to achieve these objectives 
with targeting strategies designed for each type of mail. 
However, modeling this is not simple. The processes of both upgrading and 
dropout are not independent of each other. These are decisions taken by the same 
individuals and as such these decisions are correlated. We as researchers know for 
sure that a particular donor can consider the action of upgrade only if she is in the 
database i.e. she has not dropped out. However from a behavioral perspective, we are 
not sure if the consumer even thinks about being in the database when she is 
contemplating an upgrade. Similarly we do not know if the donor thinks of an 
upgrade decision when she is contemplating dropping out of the database.  
While we do have a situation that looks very similar to a competing risk, it is not 
quite amenable to modeling using a competing risk set up. This is because, even 
though the upgrade hazard is right censored when a donor drops out, the dropout 
hazard does not get right censored when a donor upgrades. What we have is an 
irregular hazard where the stopping of the dropout truncates the upgrade hazard.  
Given this issue, we can approach the modeling of the problem in 2 ways. In 
Model 1, henceforth referred to as Conditional Model (CM), we model the underlying 
relation between the two processes i.e. the upgrade process is conditional on the fact 
that the donor is still in the program and has not dropped out. Thus we model the 
underlying state of the donor in this case (dropped or not, upgraded or not). This 
modeling approach takes into consideration the fact that once the donor drops out the 
upgrade process gets truncated and there can be no more upgrading. In Model 2, 
henceforth referred to as Simultaneous Model (SM) we undertake a much more 
                                                     
2She can also „downgrade‟ i.e. decrease the donation amount, but since the number of people 




flexible approach. Here not just the underlying relation between the models but also 
the behavioral interrelations across the two process are built in i.e. how thinking 
about one action or actually carrying out an action like dropping out or upgrading 
affects the other action is modeled along with the underlying relation that upgrade 
cannot take place if a donor has dropped out. These two types of interrelations across 
the two processes are taken care of by building in correlations across the two 
processes. In both the models, endogeneity in controlled for. 
We discuss in detail the CM in section 4.1 and the SM in section 4.2. Each of the 
sections then has discussions on donor response model (4.1.1 and 4.2.1 for CM and 
SM respectively), the firm behavior model and the control for endogeneity (4.1.2 and 
4.2.2 for CM and SM respectively). The likelihood function is detailed in 
sections4.1.3 and 4.2.3 for CM and SM respectively and the results in section 4.1.4 
and 4.2.4.Comparison of the results from each of the case is done in section 4.3. 
4.1 Conditional Model 
In Conditional Model (CM), we model the underlying relationship across the two 
processes i.e. upgrade process is conditional on the fact that the donor has not 
dropped out. This means that the upgrade happens only if the donor is in the RDP and 
when she drops out of the program, the upgrade process gets truncated. A donor can 
upgrade multiple times and each time she upgrades, the process of upgrade gets 
restarted. 
4.1.1 Donor Response Model  
We first develop the donor response model to capture how a donor‟s strategic 
behavior is affected by her demographic profile, her current donation amount, her 
relationship-time with the firm and the type and number of mails she receives from 
the firm. Since we are interested in the behavior of a donor at a particular time period, 
we use the well established hazard function framework and model first ask: “given 
that a donor has not dropped out until the previous time period, what is the probability 
she would drop out in the current time period?” Note that instead of modeling the 
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retention behavior we model the opposite i.e. the drop-out behavior for the sake of 




′ 𝛽𝑑 + 𝒀𝒊𝒕
′ 𝛿𝑑 + 𝒁𝒊𝒕
′ 𝛾𝑑       (1) 
where the subscript 𝑖 denotes an individual donor, 𝑑 superscript in the hazard 
functions denotes the dropout process, and ℎ𝑖𝑡0
𝑑  denotes the baseline hazard rate of 
dropout. The vector 𝑿 .   represents the characteristics of donor i i.e. her 
demographics, 𝒀 .   represents her donation activities like donation amount during the 
time period t and if she has upgraded before, the vector 𝒁(. ) represents the number of 
different types of solicitation mails received by donor i during the time period t, 
and 𝛽𝑑 , 𝛿𝑑  and 𝛾𝑑  are the corresponding parameters where the subscript d refers to 
the drop-out process. We assume a Weibull distribution for the baseline hazard which 
allows for a high flexibility in the underlying process. We have the following 
formulation for the dropout baseline:  
ℎ𝑖𝑡0
𝑑 = 𝜆𝑑 . 𝑐𝑑 .   𝑡 − 𝑡0𝑖 𝜆𝑑  
𝑐𝑑−1       (2) 
where 𝜆𝑑  and 𝑐𝑑  are the scale and shape parameters respectively, d denotes that it is 
dropout process, 𝑡0𝑖  is the time when individual i started the regular donation activity. 
 Next, we ask the following question: “given that a donor has not upgraded 
until the previous time period, what is the probability she would upgrade in the 




′ 𝛽𝑢 + 𝒁𝒊𝒕
′ 𝛾𝑢 + 𝒀𝒊𝒕
′ 𝛿𝑢       (3) 
where the subscript 𝑖 denotes an individual donor, 𝑢 denotes that it is upgrade 
process, and ℎ𝑖𝑡0
𝑢  denotes the baseline hazard rate of upgrade, and 𝛽𝑢 , 𝛾𝑢  and 𝛿𝑢  are 
the parameters corresponding to 𝑿 .  ,𝒀(. ) and 𝒁(. ), which were explained earlier. 
                                                     
3
Note that we do not model the amount to which the donors upgrade. In the upgrade-seeking 
mails the company offers a set of suggested increments which vary depending on the current 
donation amount. In our data set we do not have the information on this choice set that each 
donor sees. For those who had upgraded, we can infer the upgraded amount but for those who 
did not, we don‟t have the information on the choice set they faced; of course we know if they 
were sent the upgrade-seeking mails or not. This lack of information prevents us from 
modelling the incremental amount in upgrading (Squires 1994). 
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Thus we assume that the demographic characteristics and the solicitation mails affect 
both the dropout and upgrading processes. We assume a Weibull distribution for the 
upgrade baseline hazard too, allowing for high flexibility of the underlying process. 
We have the following formulation for the upgrade baseline: 
ℎ𝑖𝑡0
𝑢 = 𝜆𝑢 . 𝑐𝑢 .   𝑡 − 𝑡𝑢0𝑖 𝜆𝑢  
𝑐𝑢−1      (4) 
where λu  and cu  are the scale and shape parameters respectively, 𝑢 implies that this is 
the upgrade process and 𝑡𝑢𝑖0 is the time when the individual 𝑖 last upgraded. Note 
that the upgrade clock is different from the dropout clock. These two clock times 
would be same i.e. 𝑡0𝑖 = 𝑡𝑢0𝑖 , for those who never upgraded within the period of our 
analysis as well as for others until the time they upgraded. Once a donor upgrades, the 
fact that she has upgraded gets captured from next period onwards using a dummy 
variable upgrade before. Since in the dataset, the donors have upgraded only once, we 
need just one such dummy variable. However, if there are multiple such upgrades by 
a single donor, it is easy to capture the effect of each upgrade by using different 
dummies. 
We will resort to the model‟s discrete form because the explanatory variables, 
namely the demographics and the solicitation mails, change from one time period to 
the next while they remain mostly constant within a given time period. First, we will 
express the hazard rate of dropout for a donor in a given time period t under the 
condition she has not dropped until 𝑡 − 1. 
ℎ𝑖𝑡









     (5) 
where 𝐹𝑖𝑡
𝑑  stands for the unconditional CDF for a dropout behavior by donor 𝑖 at time 
𝑡 (derived from the baseline hazard function given by equation 2), and 𝑆𝑖,𝑡−1
𝑑  is the 
dropout survival function for donor 𝑖 for time period 𝑡 − 1. 
If a donor has not dropped out during a particular time period, we can focus on 
upgrading. Thus, the upgrading hazard is conditional on two survival functions, 
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namely, the donor has not dropped until that time and has not upgraded until that 
time. The hazard rate of upgrade in a given time period is therefore, given by: 
ℎ𝑖𝑡






















𝑢  represents the unconditional CDF for upgrade for donor 𝑖 in time period 
𝑡 (derivedfrom its baseline hazard function equation 4), and 𝑆𝑖 ,𝑡−1
𝑢  is the survival 
function corresponding to upgrade for donor 𝑖 for time period 𝑡 − 1.It follows from 





















  (7) 
Having formulated the donor‟s decision rule, we will now consider the firm‟s 
prevailing mailing rule, how it leads to endogeneity and how this can be controlled 
for. 
4.1.2 Controlling for Endogeneity 
It is to be noted that the mailing variables 𝒁𝒊𝒕 (that represent the 2 types of 
solicitation mails sent by the firm as its marketing effort) in equations 1-7 do not 
happen exogenously or independently. As researchers, we know that the firm does 
this segmentation and targeting process very carefully based on “experience and 
expertise” and that while deciding on the mails to be sent to the donors, they rely on 
the donation amount of the donor as well as their demographics, i.e. the firm takes 
each of the two types of mails and decides if a given donor should receive that type in 
a particular period. Thus there is endogeneity in the mailing decision. This needs to 
be controlled for if we have to get results which are not biased.  Given the complexity 
of the model set up, a two sided estimation of the both the donor side and the firm 
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 Note that while equation 5 is conditioned on the fact that the donor 𝑖 has not dropped out till 
time period 𝑡, equations 6 and 7 takes into account the fact that they have not just not dropped 
out but also not upgraded till then i.e. equation 6 gives the hazard of upgrade given that the 
donor 𝑖 has not dropped out and not upgraded in period 𝑡 − 1 and equation 7 gives the hazard 
of maintaining the status quo given that she has not dropped out and not upgraded in the 
previous period. For those donors who have upgraded in period 𝑡 − 1, the time gets reset for 
the upgrade function in period 𝑡 and the fact that they have upgraded is captured by an 
upgrade dummy.  
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side using FIML is not viable. We use the Control Function (CF) Approach (Petrin 
and Train (2010), Karaca-Mandic and Train (2003) and Guevara and Ben-Akiva 
(2009)) to control for endogeneity
5
. 
We use a simple logistic function to model the probability that donor 𝑖 may 




′ 𝜇 𝑗𝑡  
1+𝑒𝑥𝑝  𝑿𝒊𝒋𝒕−𝟏
′ 𝜁𝑗𝑡 +𝒀𝒊𝒋𝒕−𝟏
′ 𝜇 𝑗𝑡  
, j=1,2     (8) 
where pijt  is the probability that donor 𝑖 will receive type 𝑗 mail in time period 𝑡 (thus 
conversely, 1 − pijt  is the probability that donor 𝑖 will not receive type 𝑗 mail in time 
period 𝑡), 𝑿𝒊𝒋𝒕
′ is the vector of demographic characteristics, 𝒀𝒊𝒋𝒕
′ is the vector of 
donation activities of the donor 𝑖 at time t, 𝜁𝑗𝑡 is the effect of these donor 
characteristics on the probability of her receiving a type 𝑗 mail for the time period 
𝑡 and 𝜇𝑗𝑡  is the effect of donation characteristics on the probability of her receiving a 
type 𝑗 mail for the time period 𝑡. Note that here we treat the mailing out of each of the 
type of mail to a donor to be independent of the other type of mail i.e. what is the 
probability that donor 𝑖 would receive the retention-seeking mail is kept independent 
of what is the probability that donor 𝑖 would receive the upgrade seeking mail in 
period 𝑡. We use 𝑿𝒊𝒋𝒕−𝟏
′ and 𝒀𝒊𝒋𝒕−𝟏
′ in the logistics function because the firm can 
observe a these vectors only till time 𝑡 − 1 before they need to send out the mails in 
time 𝑡. Here the previous period donor characteristics 𝑿𝒊𝒋𝒕−𝟏
′ and donation activities 
𝒀𝒊𝒋𝒕−𝟏
′  are the IVs for the firm side model leading to the control function. The number 
of type 𝑗 mails received by donor 𝑖 during time period 𝑡 will thus be 
𝑍 𝑖𝑡
𝑗
= 𝑛𝑗𝑡 . p ijt = 𝑛𝑗𝑡 .
𝑒𝑥𝑝  𝑿𝒊𝒋𝒕−𝟏
′ 𝜁 𝑗𝑡 +𝒀𝒊𝒋𝒕−𝟏
′ 𝜇 𝑗𝑡  
1+𝑒𝑥𝑝  𝑿𝒊𝒋𝒕−𝟏
′ 𝜁 𝑗𝑡 +𝒀𝒊𝒋𝒕−𝟏
′ 𝜇 𝑗𝑡  
     (9) 
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Even though this approach has been more popular in controlling for endogeneity in choice 
models, the method has been shown to be applicable to other types of models as well (Smith 




where 𝑛𝑗𝑡  stands for the total number of type 𝑗 mails prepared by the firm for time 
period 𝑡, 𝜁 𝑗𝑡  and 𝜇 𝑗𝑡  are the estimated values of parameters from equation 8. The 
difference of the estimated mails (from equation 9) from the actual number of mails 
received by each donor in time period 𝑡, 𝑍𝑒 𝑖𝑡
𝑗
 = 𝑍𝑖𝑡
𝑗 − 𝑍 𝑖𝑡
𝑗
  now goes into the donor 
response model along with a coefficient as the control function for the endogeneity.  
4.1.3 Likelihood Function 
Once the endogeneity is controlled for, we can write the likelihood function 
which is obtained by multiplying the conditional probabilities of any particular 
sequence of upgrade and dropout actions.  








𝑢  𝜙 𝑖𝑡
𝑢
.  1 − 𝐹𝑖𝑡
𝑑      (10) 
where𝜙𝑖𝑡
𝑑=1 if donor i dropped out at time t, and 0 otherwise; it 𝜙𝑖𝑡
𝑢 =1 if donor 𝑖 
upgraded at 𝑡,and 0 otherwise. We apply maximum likelihood to estimate the 
parametersin the model. While the likelihood equation above is specified for each 
donor and for each time period, the aggregate likelihood equation is the product of the 
individual likelihood functions over all observations. The parameters of dropout and 
upgrade probabilities are estimated jointly
6
. For each outcome, parameters are 
obtained for the baseline hazards, the upgrade and retention-seeking mails, and donor 
demographic characteristics. 
4.1.4 Results and Discussion 
The estimation results before and after correcting for endogeneity is given in 
table 3. We see that the estimation after correcting for endogeneity is slightly 
different from that before correction and the estimated effects of mails are larger in 
most cases when the mails are treated as endogenous which is in line with the 
endogeneity literature (Chintagunta et. al. 2006). We discuss the results in more detail 
below:  
                                                     
6
While using the CF for the endogeneity correction, we use 50 draws from the estimate of 
equation 8 instead of just using the point estimate. The result stated after endogeneity 
correction in table 3 is the corrected result over all these 50 draws. 
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1. Intrinsic (baseline) dropout and upgrade behavior: We estimate 𝜆𝑑  as exp 𝑎 ,  𝑐𝑑  
as exp 𝑏 , 𝜆𝑢  as exp 𝑐  and 𝑐𝑢  as exp 𝑑 . We see that as the donor stays for 
longer time, the intrinsic propensity to dropout and the intrinsic propensity to 
upgrade increases (Figure 1). This result seems surprising since we would have at 
least expected the donor who stays for longer time in the program to have a lower 
dropout propensity. One plausible reason could be that the baseline defined in this 
way is restrictive and may not capture the learning that the donor has over the 
years about the firm and its activities. 
2. Impact of donation activities: We see that as the donation amount increases, the 
dropout hazard decreases but the upgrade hazard increases (Figure 2)
7
. This is a 
relatively straight forward finding which suggests that bigger donors are of high 
value to the firm as they have higher probability to continue donating and higher 
probability to upgrade. This would suggest that the firms should be aggressively 
targeting these donors with their mails and should pay extra attention to them. In 
addition we also see that whether a donor has upgraded before or not has no 
bearing on her dropout hazard and that if a donor has upgrade before, there is 
lesser probability that she will upgrade again. 
3. Impact of demographics: The estimation result also shows that demographics 
do play a significant part in whether the donor will upgrade or sustain in a 
particular period. This concurs with the finding in the extant literature 
which says that there are significant demographic differences between 
donors and non-donors (Pessemier, Bemmaor and Hanssens 1977, Burnett 
1981), between heavy donors and light donors (Danko and Stanley 1986, 
Harvey 1990),and that demographics do indeed have a high correlation 
with motivation for charity (Broadbridge and Horne 1994).  
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In each of these cases, while looking at the upgrade probability it is important to condition it 
on the fact that the donor stays to get the correct results. All our interpretation is thus based on 
the full hazard for upgrade and not just on the estimates for upgrade probability alone. 
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 We find that the older the donor, the lesser the probability to dropout. But since 
we condition the decision to upgrade on the fact that she stays, the probability to 
upgrade is zero even though the estimate is significantly positive.  
 Males have a higher hazard of dropping out and a lower hazard of upgrading 
compared to females. 
 A donor of Malay race has a lower hazard of dropping out compared to Chinese 
and Indians who comes second and third respectively and an Indian donor has the 
highest probability to upgrade compared to Malay and Chinese donors. 
 A donor who is widowed has the highest probability to dropout and upgrade. 
 A professional has the highest probability to dropout compared to donors having 
other jobs and a blue collar worker has the highest probability to upgrade.  
4. Impact of mails: This is one of the most important objectives of our study 
(Objectives 1 &2). We do find that after controlling for endogeneity, there is 
quite a significant impact of mails on the dropout and upgrade processes. The 
impact of the mails on the dropout and upgrade hazard are shown in figure 3. We 
see that both retention-seeking mails and upgrade-seeking mails decrease the 
dropout hazard. But when it comes to the upgrade hazard, we see that only the 
retention-seeking mail increases the upgrade hazard. But the upgrade-seeking 
mail actually decreases the same
8
!.This result is similar to what Diepen et. al. 
(2009) find regarding mails having negative effect on response behavior. But our 
result, unlike theirs, separates out both the direct and indirect effects that each 
type of mail has on different donor responses and shows that depending upon the 
signs of each these effects, the overall effect of the mails may appear positive or 
negative. This means that all that the upgrade-seeking mail does is to decrease the 
                                                     
8
Here note that the residual terms are significant. A negative residual means that effect of the 
mail is lower than can be explained by all the observed factors. A positive residual means that 
the effect of the mail is higher than that can be explained by all the observed factors. Thus the 
total effect of the retention-seeking mails for dropout hazard is -0.11558 and that for upgrade 
hazard is 0.558471 while the total effect of the upgrade-seeking mails for dropout hazard is -
0.5624 and that for upgrade hazard is -0.19438. 
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dropout probability but affects the upgrade probability negatively. This is an 
unexpected result for the firm and it indicates that it might be a good idea for the 
firm to stop sending the upgrade-seeking mails since the retention-seeking mails 
seems to be doing the job correctly after further experiments. 
4.2 Simultaneous Model 
In Simultaneous Model (SM), we let the processes be correlated. The fact that the 
dropout process affects the upgrade hazard is captured by letting the dropout hazard 
affect the upgrade hazard. This is approach is less structural than the CM but allows 
for more flexibility as we can build in the consumer‟s thought processes also into the 
model along with the underlying interrelationship-  will a consumer who is thinking 
about dropping consider an upgrade? Or can he upgrade without even thinking of 
dropping out? Through correlations, we also answer the following questions: How 
does the upgrade process affect the dropout process? How are these two processes 
correlated? The main advantage of this model is the ease of estimation as the CM 
takes a long time to converge and it is very important to give the correct starting 
values to get the convergence whereas it is easy to set up the SM and the convergence 
is very fast and gives relatively lesser amount of problems while estimating. 
4.2.1 Donor Response Model 
Just like in CM, we first develop the donor response model to capture how a 
donor‟s strategic behavior is affected by her demographic profile, her current 
donation amount, her relationship-time with the firm and the type and number of 
mails she receives from the firm. Here also we first ask: “given that a donor has not 
dropped out until the previous time period, what is the probability she would drop out 
in the current time period?” Note that instead of modeling the retention behavior we 
model the opposite i.e. the drop-out behavior for the sake of convenience. We use the 
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proportional hazard model where the effect of covariates on the hazard of drop out is 
multiplicative
9






′𝛾𝑑 + 𝜀1     (11) 
where lnℎ𝑡
𝑑  is the log hazard of dropout process at time period 𝑡 for donor 𝑖10and 
subscript 𝑑 in the hazard function denotes that it is the hazard for the dropout process. 
The vectors 𝑿,𝒀 and 𝒁 is same as that for the conditional model, 𝛽𝑑 ,𝛿𝑑  and 𝛾𝑑are the 
corresponding parameters and 𝜀1 is the error component which captures the donor 
level heterogeneity.  
The term 𝑻𝑡
𝑑′𝛼𝑑  represents the baseline hazard function that measures the 
impact of time on donor 𝑖‟s drop out propensity, and is represented by a piecewise 
linear spline function of time (on the log hazard)
11
. In other words, 𝑻𝑡
𝑑 is a vector of 
𝑁𝑇 + 1 spline variables which sum to total donor relationship time till time period t 
thus allowing the slope coefficients to differ between the various nodes 𝑁𝑇12. Thus 
the baseline is, 
𝛼𝑑
′ 𝑻𝑡
𝑑 =  𝛼𝑑𝑘𝑻𝑡𝑘
𝑑𝑁𝑇+1
𝑘=1         (12) 
 Next, we ask the following question: “given that a donor has not upgraded 
until the previous time period, what is the probability she would upgrade in the 




′ 𝛽𝑢 + 𝒀𝝉
′ 𝛿𝑢 + 𝒁𝝉
′ 𝛾𝑢 + 𝜆 lnℎ𝜏
𝑑 + 𝜀2   (13) 
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 We do not use the Tobit II model that is popular in the direct mail literature because in those 
scenario, the consumer decides each time whether or not to donate/buy and if so, how much 
should they spent. As opposed to this, in our case, the decisions that the customer has to make 
are whether to continue donating given that they have been donating so far, and whether to 
increase the amount donated. Thus, while the former scenario has an opt-in decision, we have 
an opt-out decision. 
10
 For ease of notation the subscript i for donor i is avoided. 
11This is also known as generalized Gompertz or piecewise-linear Gompertz. This is because 
the log of the Gompertz hazard (of the form ℎ 𝑡 = 𝛼𝑒𝛽𝑡  where 𝛼 is the baseline hazard and 𝛽 
is the effect of age) is a linear function of the time which is equivalent to the piecewise spline. 
We use this form of baseline hazard as this form provides us with a simple closed form for the 
simultaneous equation model we will be proposing here. The use of a piecewise spline also 
helps us keep the baseline as flexible as possible and helps take care of the donor 
heterogeneity.   




𝑢  is the log hazard of dropout process at time period 𝜏 for donor 𝑖 and 
subscript 𝑢 denotes that this is the hazard for the upgrade process. 𝛽𝑢 ,𝛿𝑢  and 𝛾𝑢  are 
the parameters corresponding to 𝒙, 𝒀 and 𝒁 respectively. 𝒙 is the vector consisting of 
only the intercept, 𝒀 and 𝒁 are same as in the case of dropout hazard described before 
and 𝜀2 is the error which captures the donor level heterogeneity in the upgrade 
hazard. Note that the interaction between 𝜀1 and 𝜀2 brings about additional interaction 
between the two processes. More details about the errors will be described in detail 
later on. The baseline hazard is assumed to be a Gompertz baseline for the upgrade 
process, similar to the dropout process, but the time period 𝜏 is the time of 
relationship after the donor has upgraded i.e. when a donor upgrades the clock for the 
upgrade function is reset to zero. Note that we use separate indicator 𝜏 for denoting 
the time instead of 𝑡 as in (1). This is because the time period across the two 
processes might vary due to this reset of the clock for those donors who have 
upgraded. Here note that  
It is reasonable to expect that a donor who has been thinking about dropping 
out of the RDP will be less likely to upgrade. Thus his propensity to drop out will 
affect whether or not he decides to upgrade or not. We explicitly build in this effect 
by allowing the drop out hazard i.e. ln ℎ𝑡
𝑑  to affect the upgrade hazard. Thus we have 
a first level of correlation between the two activities of the donor. As a consequence 
of this, we do not allow the demographic characteristics to directly affect the upgrade 
hazard but allows this only through the dropout hazard.  
Note that we cannot allow for the upgrade process to affect the dropout 
process even though we can argue that a donor who might be thinking of upgrade will 
have lesser propensity to dropout. This is because, firstly, a person can upgrade 
multiple times in his life as a donor but he can only dropout once (even though in our 
data the donors only upgrade once so far). This means that the dropout decision is 
more “permanent” and therefore, the upgrade decision will be influenced by the 
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dropout decision. Secondly, an actual dropout would lead to non-random censoring of 
the upgrade but not vice versa. So it makes sense for the upgrade to be affected by 
drop and not the other way round. Thirdly, technically, a donor‟s dropout hazard 
follows one single process but the upgrade hazard may “restart” for a few times at 
each time the donor upgrades. Let‟s say a donor just upgraded and if we look at the 
upgrade hazard one day before the upgrade vs. one day after, the former one could be 
pretty high whereas the latter one could be fairly low (typically a donor would not 
consider upgrading in consecutive periods). It‟s hard for the parameter to capture this 
big change if upgrade hazard is a covariate in the function. Last, we have built in the 
fact that upgrade affects dropout in our current formulation through the dummy of 
previously upgraded or not. All that we do not have is a contemporaneous effect of 
the upgrade hazard on the dropout. We do however, take into account the 
contemporaneous effect by building in the correlation. 
We have two error components, one for the drop-out (equation 11) decision 
process and the other for the upgrade (equation 13) decision process. Each is assumed 
to have a normal error structure with zero mean. These errors are allowed to be 
different across different donors thus accommodating one type of unobserved 
heterogeneity across the donors. The facts that each of these errors pertains to the 
same donor implies that these two errors are likely to be correlated. Although we 
explicitly account for the interdependency between the two processes through making 
the drop-out hazard as affecting the upgrading hazard, there may still happen 
individual level events (e.g. loss of job; a new addition to the family) and variables 
(e.g. influence from friends) that affect these two processes jointly. We accommodate 
such correlations using a correlated normal error structure which will be described in 
detail later.   





4.2.2Controlling for Endogeneity 
Here too, we know that the vector 𝒁 that represent the 2 types of mails sent by the 
firm as its marketing effort in equations 1 and 3 do not happen exogenously or 
independently but as a result of deliberate decision on the part of the firm i.e. the 
firm‟s decision on the number of each type of mails (𝒁) to be sent to a certain donor 
depends on the donor‟s characteristics (𝑿) and their donation activities (𝒀). This 
decision is reviewed by the firm every six months. The firm takes each of the two 
types of mails – retention-seeking mails and upgrade-seeking mails- and decides how 
many of each type of these mails should be sent to a particular donor each period
13
. 
This leads to endogeneity in our mailing decision in our model. The easiest way to 
control for this endogeneity is to estimate the donor response side and the firm 
mailing decision simultaneously. Unlike in the case of the CM, the simultaneous 
estimation of both the firm side decision and the donor response is easier to 
implement here for controlling the endogeneity. 
Even though we cannot find out exactly the decision making process of the firm, 
we do know (1) the variables that influence the decision and (2) the outcome of that 
decision in terms of how many mails of each type are sent to each donor. Using the 
information we know, we use a Poisson regression function to model the probability 
that donor i will receive zιmails of each type i.e. 




        (14) 
where ξ
ι
= 𝑒𝑥𝑝 𝐗′ 𝛊μ1 + 𝐘
′
𝛊μ2 + ι
′μ3 + θ . In this equation, zι=RMι or UMι i.e. 
number of retention-seeking or upgrade-seeking mails received by donor i 
respectively, vectors 𝐗 and 𝐘 are as explained before and ι = t for the retention-







corresponding parameters, and θ is random variable capturing unknown donor level 
                                                     
13
When two mails of the same type is being sent to a donor, it goes without saying that the 
content of these mails would be different. 
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variables affecting the decision of the number of mails to be sent to each donor. Note 
that while most of the traditional demographics are expected to remain constant 
during the analysis period, we do allow for any changes in the status of the donor by 
making the vector time dependent. Note that here, just like in the case of the CM, we 
are modeling the number of each types of mail received by a donor but since we are 
doing the estimation of both the donor response side and the firm mailing side model 
together, we are using the Poisson model and not the Logit model for capturing the 
same.  
Earlier, we had formed a correlated error structure for the donor level equations 
11 and 13 because of the possibilities of common events and omitted variables that 
affect those two outcomes jointly since these events are for the same donor. In a 
similar vein, we can see that some of those events/variables can affect the firm‟s 
decisions as well i.e. the number of mails to be send out to a particular donor could be 
related to some donor level variable that the firm knows due to its continuous and 
personal level interaction with the donor which does not get captured by the 
demographics or the donation actions. In other words, the error terms pertaining to 
equation 11, 13 and 14 will have donor level correlation, and we accommodate this 
by assuming a trivariate normal error structure during the estimation. Thus we assume 
























 where 𝜎𝑟𝑠 = 𝜌𝑟𝑠𝜎𝑟𝜎𝑠   (15) 
4.2.3 Likelihood Function 
Conditional on the error structure of the components, 𝜀1, 𝜀2 and 𝜃, the outcomes 
of the dropout and upgrade hazards are independent and the joint probability of any 
sequence of outcomes is simply the product of probabilities of the individual 
outcomes. We denote the baseline survival functions (i.e. the probability that the 
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event has not happened yet at time t) for the dropout and upgrade respectively as 
below. 





       (16)   







 14    (17) 
Thus the conditional survival functions for the dropout and upgrade hazards 
conditional on the sequence of covariates up until that time (represented by 𝝌 𝒕 ) and 
the unobserved residual component are as follows: 
𝑆𝑑 𝑡𝐼 ,𝝌 𝒕 , 𝜀1 =   







𝑚=1    (18)  
𝑆𝑢 𝜏𝐽 ,𝝌 𝝉 , 𝜀1, 𝜀2 =   
𝑆0𝑢  𝜏𝑚  





′  𝛿𝑢+𝜆𝛿𝑑  +𝒁𝜏𝑚
′  𝛾𝑢+𝜆𝛾𝑑  +𝜆𝜀1+𝜀2 𝐽
𝑚=1  (19) 
where I is the number of total number of periods from the beginning to period 𝑡𝐼, J is 
the number of total number of periods from the beginning to period 𝜏𝐼 and all 
𝑡0 , 𝑡1 ,…𝑡𝐼and 𝜏0 , 𝜏1 ,…𝜏𝐽 are measured relative to the beginning of the spell, i.e., 𝑡0 = 
0 and 𝑡𝐼 is equal to the total duration of the spell for a donor and 𝜏0 =0 and 𝜏𝐽 is equal 
to the maximum duration for a donor not upgrading or the time period at which she 
has upgraded
15
. Thus we have the conditional partial likelihood function for the donor 
response model.  
ℒ1| 𝝌 𝒕 , 𝜀1 = 𝑆𝑑 𝑡𝐼 
 1−𝜙𝜏
𝑑 .  𝑆𝑑 𝑡𝐼 − 𝑆𝑑 𝑡𝐼−1  
𝜙𝜏
𝑑
    (20) 
is the conditional partial likelihood for dropping out and  
ℒ2| 𝝌 𝝉 , 𝜀1 , 𝜀2 = 𝑆𝑢 𝜏𝐽 
 1−𝜙𝜏
𝑢  
.  𝑆𝑢 𝜏𝐽  − 𝑆𝑢 𝜏𝐽−1  
𝜙𝜏
𝑢
   (21) 
is the conditional partial likelihood for upgrading by a donor. 𝜙𝜏
𝑑 = 1 if the donor 
dropped out between time periods 𝑡𝐼 and 𝑡𝐼−1 and 0 otherwise and 𝜙𝜏
𝑢 = 1 if the 
donor upgraded between time periods 𝜏𝐽  and 𝜏𝐽−1 and 0 otherwise. 
On the supply side, the conditional partial likelihood is as follows: 
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We get the baseline after substituting equation (1) in equation (3). 
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ι=1        (22)
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where N is the total time period the donor has been there in the data set for a donor 
who has dropped out and it is the total time period of observation for a donor who has 
not dropped out so far for both type of mails.  
The parameters are estimated simultaneously by non-linear Full Information 
Maximum Likelihood (FIML)
17
 and as a result, the aggregate likelihood is the 
product of individual unconditional likelihood for both the supply side and the 
demand side over all the observations. Thus, our full likelihood function is as follows: 
𝔏 =     ℒ1| 𝜒 𝑡 , 𝜀1  ℒ2  𝜒 𝜏 , 𝜀1, 𝜀2 .ℒ3  𝜃, ι = 𝜏, 𝑧 = 𝑈𝑀 .ℒ3| 𝜃, ι = 𝑡, 𝑧 =𝜏𝑡𝜃𝜀2𝜀1
𝑅𝑀.𝑓𝜀1,𝜀2,𝜃.𝑑𝜀1.𝑑𝜀2.𝑑𝜃       (23) 
Empirically we use analytic derivatives and scoring methods for second 
derivatives. For the trivariate normal integration, we use the Gauss-Hermite 
Quadrature to approximate normal integrals. If the sources of the interdependence and 
correlation in the processes are not present (𝜆 = 0, 𝜎𝜀1𝜃 = 0and 𝜎𝜀2𝜃 = 0), then the 
parameters of the two sides (donor model and firm model) can be estimated 
separately. The marginal likelihood processes separate into the product of the separate 
marginal likelihood functions for each of the processes in this case. The donors‟ 
upgrading and dropout behavior have to be considered together and the retention-
seeking mail and upgrade-seeking mail decision equations should be considered 
together to account for heterogeneity and dependence of log hazard on prior own 
process outcomes.  
In this model we have, apart from endogeneity, other correlations built in through 
𝜀1 , 𝜀2and 𝜃. We would need some identifying restrictions and the processes should be 
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 Note that the supply side likelihood includes both the retention-seeking as well as upgrade-
seeking types of mails and as such there are two partial conditional likelihoods which are 
similar in notations. For ease of exposition, we show just one of these here. In actual 
estimation we include the other also. 
17
 Here we assume that the true distributions of the errors are Normal. Thus the estimation will 




estimated jointly. For those donors who have not upgraded ever, the heterogeneity in 
the receipt of the mail helps in the identification of the parameters. For those who 
have upgraded in between, the variation in the time period of hazard due to the two 
different time periods in both the hazards, heterogeneity in the number of mails 
received and the variation in the own process outcomes (the fact that they have 
upgraded before) ensure identification.  
4.2.4Results and discussion 
Since we have used the piece-wise linear spline function for the baseline, during 
estimation, we ran different versions to find out the appropriate number of splines. 
We ran the full baseline and then varied the baseline to see which fitted our data the 
best. We found that the baseline with single node at the end of year one (i.e. one 
intercept for the first two periods and another intercept for the rest of the periods) fits 
the data the best for both the models. Thus for the dropout process, we have two 
slopes for the baseline hazard –one for donors who are less than one year in the 
program and one for those who are more than one year in the program. For upgrade 
process, we have two slopes as well- one for donors who have upgraded within the 
last one year and one for donors who have not upgraded even after a year. We used 
this two-spline baseline and carried out the proposed model estimation. The results of 
our estimation are produced in Table 4 in the Appendix.  
1. Intrinsic (baseline) retention and upgrade behavior:  From the baseline parameters 
of drop-out (i.e. retention process) we see that as time goes by a donor‟s intrinsic 
propensity to remain as a donor decreases, but the rate of this decrease is higher 
in the first two periods (i.e. first year) and becomes lower considerably after that. 
Specifically, the hazard of a donor dropping out (i.e. probability of dropping in a 
period given that she has not dropped until then) decreases by around 30% as she 
moves beyond the first year as a donor. The estimates of the baseline parameters 
of upgrading process imply that as time goes by, a donor‟s intrinsic propensity to 
upgrade increases but, interestingly, at a decreasing rate. If a donor does not 
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upgrade in the first year, the hazard of upgrading (i.e. probability of upgrading in 
a period given that she has not upgraded until then) decreases by more than 90%! 
This gets worse with someone who had already upgraded once. This is the reason 
why we find that only 10% has upgraded once in our data set and that almost 
negligible number of donors has upgraded twice or more. Given that donors don‟t 
have any intrinsic interest in upgrading, the company should perhaps spend their 
energy more on trying to retain their donors rather than on encouraging them to 
upgrade. This also points to the fact that a common person‟s interest in charitable 
activities is limited to the extent that she wants to be socially responsible just 
enough for it to be pleasurable but does not want to be overly concerned/pestered 
about it (Squires 1994). 
2. Impact of retention propensity on upgrade propensity: As noted earlier, the 
upgrade hazard has been explicitly modeled to be affected by the dropout hazard 
[see equation 3]. The coefficient concerned is estimated to be +0.437 and is 
highly significant. Since retention is the opposite of drop out, this means that 
retention propensity and upgrade propensity are negatively correlated. This 
implies that if a donor wants to continue donating (i.e. higher retention 
propensity) she is less disposed to upgrading! This makes perfect sense from the 
donor‟s financial commitment point of view. It also seems to offer further support 
to the previously stated implication [see Point 2 above] that the firm would be 
much better off spending its resources to retain their donors than to seek higher 
donation denomination from them. This finding is similar in spirit to the findings 
of Schweidel et. al. (2008) which showed a positive relationship between 
acquisition and retention of the consumer.  
3. Impact of donation amount: The estimates show that people who are donating a 
higher amount are less likely to continue donating. The corresponding 
parameter‟s estimate is +4.1017, which positively affects the drop out hazard. 
This is an interesting finding for the company because it suggests that the 
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company has to pay extra attention to high amount donors. Further, people 
donating a higher amount are less likely to upgrade. The corresponding estimate 
is –3.209. This reinforces the finding that high amount donors have to be 
carefully and delicately handled by the firm. Figure 4 in the Appendix show the 
effect of increase in donation amount on the dropout and upgrade hazards 
respectively. 
4. Impact of demographics on donation behavior: The estimation result also shows 
that demographics do play a significant part in whether the donor will upgrade or 
sustain in a particular period.  
 As age increases the probability of retention gets higher. 
 Males have a tendency to stay on only for shorter periods than females. 
 Donors of Chinese race and Indian race have a larger tendency to continue 
donating for a longer time than donors of Malay race and other races. 
 Donors doing blue collar jobs are likely to stay for the longest time whereas the 
non-salaried donors and the donors having manual jobs are likely to stay the 
shortest time.  
 Citizens would be more likely to continue donating for a longer time but turns out 
that the effect is actually the opposite. Also surprisingly, a donor‟s marital status 
does not play a role in their donation behavior.  
5. Impact of demographics and response behavior on firm‟s mailing strategies: This 
is important to discuss because it presents an evidence of endogeneity. Columns 5 
and 6 of Table 4 show the impact of demographics and donation behavior on the 
firm‟s mailing strategies. We can see that the majority of the demographics are 
significant along with the donor responses lending credence to the endogeneity 
claim i.e. the firm does indeed look at demographics and response behavior of 
donors to formulate their mailing decisions. From the estimates we see that the 
firm puts different weights on demographics when sending the two types of 
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mails. Nearly all the parameters for demographics are significant for retention-
seeking mails, but this is not the case for upgrade-seeking mails. When trying to 
persuade donors to upgrade, the firm does not differentiate donors on age, and 
considers marriage status and race only partially. In contrast, the firm gives more 
importance to whether the donor has upgraded before and how long the donor has 
been with them (or how long it has been since the donor's last upgrade) when 
sending upgrade-seeking mails. Although these two factors are also considered 
for retention-seeking mails, they have less importance in the decision process.  
Now we will discuss the differential impact of two types of mail on the two types 




6. Direct impact of the two types of mails on the upgrading behavior: The retention-
seeking mail does not have any significant impact on the upgrading hazard. The 
corresponding parameter estimate is 0.0125 whose standard error is 0.0110. The 
upgrade-seeking mail has a positive and significant impact on the upgrading 
behavior. The corresponding estimate is 0.2370 which says that a donor‟s 
upgrading probability increases with the number of upgrade-seeking mails 
received. Thus, it seems that as far as the upgrading behavior is concerned, the 
two types of mails are performing their expected roles correctly and that the 
firm‟s designing of the two mail types is justified. But there is an unexpected 
twist that we will see shortly.  
7. Direct impact of the two types of mail on retention behavior: The number of 
retention-seeking mails received by the donors has a significant positive effect on 
their retention behavior. The corresponding estimate is -0.1675, which says that 
                                                     
18To test the firm‟s claim that they send mails to the donors based on their response behaviour, 
we estimated two models: (i) a correlated Poisson model for both types of mails with only the 
intercepts (no donor covariates) and (ii) a correlated Poisson model for both types of mails 
with both the donor demographics and the response behaviour. The model which includes the 
donor covariates does perform better in terms of AIC leading us to believe the firm‟s claim i.e. 
the firm is indeed sending mails based on some observed donor behaviour and not on a 
random basis. This provides another evidence of presence of endogeneity. 
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the hazard of dropping decreases with the number of retention-seeking mails 
received by a donor. This is expected. But, interestingly, the retention probability 
increases with the upgrade-seeking mails received as well. The corresponding 
estimate is -1.1735 and is significant. So, upgrade-seeking mail also encourages a 
donor to stay on
19
. Is this a good effect? Apparently not! The retention probability 
is negatively influencing the upgrading probability, i.e. a donor who intends to 
stay on for a long time also tends to avoid upgrading [see also Point 2].  So, when 
the upgrade-seeking mail encourages a donor to stay on, it indirectly discourages 
her from further upgrading. Thus, the upgrade-seeking mail has two effects on a 
donor‟s upgrading propensity: a direct positive effect [Point 6 in this section] and 
an indirect negative effect [Point 7and Point 2 in this section].  
 Which will prevail eventually? Our result shows that indirect negative effect 
overwhelms the positive direct effect, yielding us the result that the upgrade-seeking 
mail has a net negative effect on the upgrading behavior. This result is similar to what 
we got in the case of CM as well. One suggestion this result offers is that the firm 
should design the upgrade-seeking mail in such a way that it arouses only upgrading 
thinking in the donor without having the retention aspect.  This way the indirect link 
can be cut off or at least be subdued. Figure 5 in the Appendix demonstrates the 
effects of the various mails on both the dropout and upgrade hazards. 
Now let us take our objective 3 and analyze how the SM results differ from a 
benchmark model. Our benchmark model consists of two separate hazard functions, 
one for drop out process and the other for upgrade process, just like Equations 1 and 
3, but with the following differences: (a) no correlations in their error structure, (b) no 
explicit dependency of upgrade hazard on the drop out hazard and (c) no 
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This finding is in line with Diamond & Noble (2001) because every time a donor receives an 
upgrade-seeking mail it makes her to re-evaluate the decision on whether to continue or drop 
out. As Squires (1994) suggests, asking for an upgrade leads the donors to atleast donate as 
much as they were donating already. Another reason is that whenever the firm sends an 
upgrade-seeking mail it tends to include some of the retention-seeking mail‟s contents in order 
to give the impression that the firm is doing a good job with the money collected. This in turn 
might be affecting the retention behaviour.   
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accommodation of the endogeneity arising from the firm‟s strategic mailing 
decisions. Why did we choose this particular model as the benchmark model? The 
firm looks at the response behavior of the donors and their demographic details to 
infer whether a donor is likely to drop out or not, and whether she can be enticed to 
upgrade or not. Such an analysis would, we were told, form the backbone of their 
mailing decision algorithm. Armed with this information, we formulated the 
benchmark model. Also, this benchmark model is very similar in spirit to the SM 
model. 
In Table 5 in the Appendix, in Column 4 (titled Benchmark Model) we have 
produced the estimates of the benchmark model. We have also produced the estimates 
of the SM in Column 3 of the same table for easy reference. Many of the estimates 
have the same signs across Columns 3 and 4
20
, and this validates our choice of the 
benchmark model. Note however that the models are not nested and hence we cannot 
use the magnitudes of the estimates or the fit statistics to compare them. What we do 
instead is compare the implications of those estimates. We bring out two key 
implications to demonstrate the difference between the SM and the benchmark model.  
a) Retention-seeking mail and the upgrading behavior:  The retention-seeking 
mail has no impact on the upgrading behavior in the SM while in the benchmark 
model it significantly increases the probability of upgrading
21
. Clearly, the SM‟s 
implication makes more sense because the firm avoids soliciting any upgrading of the 
donation amount through retention mails. Only the SM brings this out nicely.  
b) Upgrade-seeking mail and the upgrading behavior: The upgrade-seeking mail 
is found to increase the upgrading probability (direct effect) in the SM but decrease 
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For example, consider the retention (i.e. drop out) hazard process. The impact of the variable 
Donation Amount is + 4.1017 in the proposed model and is + 1.9296 in the benchmark model 
and it is significant in both the models. Similarly, the impact of the variable Chinese Race is – 
0.1631 in the proposed model and is - 0.0777 in the benchmark model and it is significant in 
both the models. 
21
The corresponding estimates in Table 5 are: 0.0125 (Not Significant) in the proposed model 
and 0.0298 (Significant) in the benchmark model.  
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that probability in the benchmark model
22
. Clearly the benchmark model implies that 
the upgrade-seeking mail is doing the exact opposite of what it was designed to do. 
This is in line with the total effect of the upgrade-seeking mail which decreases the 
upgrade probability as well! Why is this? The SM that has built in explicitly the link 
between the retention and upgrading behavior explains this odd result. As explained 
in detail earlier in this section, what happens is that the upgrade-seeking mail 
increases directly the retention probability of a donor and since a higher retention 
propensity results in less upgrading propensity, we see that the upgrade-seeking mail 
indirectly reduces the upgrading propensity. This indirect link is not present in the 
benchmark model and hence the upgrade-seeking mail appears to directly decrease 
the upgrading probability. Thus the SM, by explicitly accommodating the relationship 
between the two donation behaviors (retention and upgrading), is able to explain the 
queer implication of the benchmark model. A direct implication of this finding is as 
follows. If the firm just looks at the benchmark model they will simply stop sending 
the upgrading mails. That will be a wrong decision since what they really need to do 
is a redesign of the upgrade-seeking mails.  
4.3 COMPARISONS BETWEEN CM AND SM 
In this section we compare the two models. This is in continuation of our third 
objective. We first compare the two models in terms of the assumptions and the ease 
of estimation. Then we compare the results from the two models and their 
implications. The results from the two models are laid out side by side for ease of 
comparison in Table 6 in the Appendix (columns CM and SM).  
4.3.1 Comparing the models 
CM is built upon the understanding that any donor actions are dependent upon the 
fact that the donor remains in the program. Therefore, any upgrade decision has to be 
conditional on the fact that she has not dropped out of the process. This means that 
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The corresponding estimates in Table 5 are: 0.2370(Significant) in the proposed model and – 
0.2354 (Significant) in the benchmark model. 
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even if the donor is not thinking about remaining in the program while she is 
considering upgrading, our model would force that on her decision process.  
As opposed to this, in the SM we do not have such a restriction built in. We allow 
for the fact that the consumer may or may not think about continuing in the program 
actively before she decides to dropout in this model. This is done by allowing for the 
correlations to be built in across the processes i.e. we have donor level error 
correlations across both the equations and we allow for the dropout process to affect 
the upgrade process. But if indeed the fact that the consumer staying on affects the 
donor decisions like upgrade, then SM would still capture the effect via the error 
correlations. Thus, while the CM has more structure than the SM it may not have all 
the advantages that a structural model is said to have
23
. This is because the CM is not 
a fully structural model as we impose the structure only in terms of the donor 
presence in the data but not for the donor behavior. 
The estimation is extremely difficult in the case of CM due to the conditional 
nature of the model and prone to issues with starting values while estimating. It is 
difficult to analyze any further interactions like effect of carryover of mails to the 
next period as addition of a single variable leads to increase in the estimation time by 
a significant time. As opposed to this, the SM is relatively easier to estimate and more 
flexible in nature. 
Another issue is that a newly joined donor may learn more about the program 
itself as well as the firm over the multiple interactions in the form of mails in the 
course of time. Thus, it is possible that his baseline keeps changing as he learns more. 
It is difficult to implement this change in the CM
24
, but relatively easier to implement 
the same in the SM due to the piecewise linear nature of the spline. We do see that in 
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Structural models are better to estimate unobserved behavioral parameters and can be used to 
perform counterfactuals and policy simulations and for comparing models for their predictive 
capacity (Reiss and Wolak 2007). 
24
We tried two models for this- one where the baseline changes after a year of relationship and 
one where the baseline changes when the donor upgrades. Both the models failed to converge. 
We suspect that this could be due to the complexity of the estimation. 
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the SM, the best spline is the one with single node showing clearly that the baseline 
indeed do vary after a year of relationship as well as after a year of upgrading.  
In SM, when we allow for the dropout process to enter the upgrade process, we 
allow for the donor characteristics to influence the upgrade process only through the 
dropout process. As a result of this, it is difficult to interpret the effect of the 
demographics directly. The CM does not have this drawback as both the processes are 
allowed to be affected directly by all the important variables. It is also possible that 
the dropout significantly affects the upgrade in the SM due to this omission. To check 
the robustness of this specification, we estimate another model which has all the 
demographics in both the processes which we refer to as the Full SM (henceforth 
referred to as SM-F). This model also incorporates the carry over effect of the mails 
to another half year. We estimate this by using lag mails as a covariate in the 
equations. Here to increase the flexibility, we allow the retention mails to affect only 
the dropout process and the upgrade-seeking mails to affect only the upgrade process 
with the cross effects allowed through only the error correlations. Another main 
difference between SM and SM-F is that instead of controlling for the endogeneity by 
looking at the number of mails of each type send to the donor, in this model, we look 
at the type of mails (retention-seeking mails, upgrade-seeking mails, both or neither) 
being send to a donor and use a Logit model to estimate the same. This reduces the 
number of firm side equations to be estimated simultaneously with the donor level 
equations to one instead of the previous two thus bringing about efficiency in 
estimation and allowing us to add more variables like the lag terms. 
4.3.2. Comparison across estimates 
It is not easy to compare the estimates of the two models directly as the models 
are non-nested and are different. However, we can roughly compare the changes to 
the hazards as predicted by the estimates. 
1. Comparing the baseline: The baselines in both the cases are similar but still 
shows differing patterns. In case of the CM, the dropout probability and the 
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upgrade probability increases over time (figure 1) whereas in the case of SM, the 
dropout probability is still positive but decreases by 30% after one year of 
relationship and the upgrade probability decreases by 90% after one year of 
relationship. On verifying with the firm, they confirmed the possibility of the 
second finding being more plausible than the first. The reason offered by the firm 
is that almost all donors are usually uncertain in the first year. They take time to 
get familiarized with the firm- to know what the firm actually does, how the 
funds are being raised and being utilized, etc. Those who are not comfortable 
with the firm‟s activities decide to drop out within the first year, and those who 
appreciate the firm‟s activities decide to continue and stay back for a long term 
relationship. This is exactly what is captured by the model estimates of SM. In 
case of CM, since we have specified a particular shape for the baseline, the 
flexibility would indeed be lesser to capture this possibility.  
2. Comparison of donor activities: We find that if a donor has upgraded before, in 
all the three models (CM, SM and SM-F), the upgraded probability goes down. 
The dropout probability also goes down though in the case of the CM, this 
estimate is not significant. However, an increase of donation amount shows 
opposing results i.e. in case of CM, the dropout hazard decreases and the upgrade 
hazard increases with increase in donation amount but in case of SM and SM-F, 
the dropout hazard increases and the upgrade hazard decreases with increase in 
donation amount. When we tried to verify with the firm, they were not sure which 
way the effect should go. They admitted that they operated under the impression 
that a donor giving higher donation could drop out easier than one giving lower 
donation since they had a lower tolerance to any shock from the firm‟s side (like 
a bad news about the firm or activities related to the firm or even too many 
mails). They believed that  this was because, the more the money donated the 
more they are attached to the firm and such emotional investment will lead to 
being overly sensitive to any perceived negative information. Similarly, they also 
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believed that it is difficult to get these high donors to donate even more. This 
means that the firm acted with the belief that the result from the SM was the right 
one and all the actions of the firm were based on this belief.  
A simple t-test between donors who dropped off and who continued shows 
that donors who did not drop off donated a significantly higher amount though 
the difference is very less (USD 1.50). Similarly a t-test between donors who 
upgraded and those who did not shows that donors who upgraded donated a 
significantly higher amount prior to donation though the difference is very less 
(USD 2.40). This result, suggests that CM could be the true model. However, due 
to the complex nature of the donor behavior and the donor-firm interaction, such 
a simplistic test is not enough and the best way to do an actual comparison is to 
carry out an experiment to see which set of people would dropout faster and 
upgrade earlier.  
3. Comparing the effect of mails: We find that in all the models, the retention-
seeking mails decrease the dropout hazard. But when it comes to the upgrade 
hazard, the retention-seeking mails increases the upgrade hazard as per the CM 
but decreases the upgrade hazard as per the SM and SM-F but only via the 
influence of the dropout process on the upgrade hazard and the error correlations. 
The upgrade-seeking mail decreases the dropout hazard and decreases the 
upgrade hazard as per all the models. This shows that while the retention-seeking 
mail is doing its job properly the upgrade-seeking mails need to be relooked at by 
the firm. It might be better for the firm to redesign the upgrade-seeking mail or to 
stop sending the upgrade-seeking mail altogether since it is definitely not doing 
its intended job. 
4. Comparing the effect of demographics: We see that most of the demographics 
with significant estimates in both CM and SM are very similar in both magnitude 
and direction except the effect of citizenship, the effect of Malay race and the 
effect of being a non-salaried worker when it comes to dropout process. We 
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cannot compare the effect of the demographics in upgrade process since we let 
the demographics affect the upgrade process only through the dropout hazard. 
But when we compare with SM-F which is more flexible, there are more 
differences across the two models. 
 For the dropout hazard, 9 out of the 15 estimates are not significant in the SM-F 
while they are all significant in the CM and for those which are significant, the 
magnitude and the directions of the estimates are the same except for a divorced 
donor. Thus for example, here we find that the dropout probability is very high if 
you are a male, Indian and a non salaried worker. 
 For the upgrade hazard, 5 out of 15 estimates are now not significant. And 6 out 
of the 15 have opposite directions across the two models (CM and SM-F). 
Therefore, it is not easy to directly compare the model outcomes in the case of 
upgrade process. A better way is to conduct controlled field experiments. 
5. Effect of dropout hazard on upgrade hazard: We find that in both the models the 
dropout process affects the upgrade process significantly. In case of CM, it comes 
across through the conditional nature of the model. In both SM and SM-F we find 
that the error correlations are significant. The effect of dropout hazard on the 
upgrade hazard (𝜆) becomes insignificant though with a more flexible SM-F 
model. But this does not take away the importance of having to account for the 
correlations across the two processes in order to correctly account for the effect of 
each of the variables in these processes. 
From the above analysis, it can be seen that even though some of the results are 
widely different across the two models, the important results like the effect of the 
mails on the donor behavior, effect of previous upgrading on the donor behavior, 
effect of one process on the other etc. remains strong. As for the rest of the results, the 
firm needs to do more investigations to find out the actual effect. The broad 
comparison across the estimates shows us that both models are plausible and the 
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choice of the model would drive the results. We do not suggest which model is better 
or worse as it is impossible to do so with the existing data. Collection of more 
experimental data by the firm would be the best to iron out the conflicting results. 
5.  CONCLUSIONS 
Non-profit firms constantly use direct mails to solicit donations from donors, 
retain the existing donors and to encourage them to upgrade their donation amount. 
Thus an incumbent donor receiving different mails (retention-seeking and upgrade-
seeking mails) would react differently to these mails depending upon who she is (i.e. 
her demographic profile), current donation behavior (i.e. amount donated, how long 
she has been donating, etc.) and the appeal in the mails. What we noticed is that the 
charity firms do not act blindly in sending out the mails but pick their targets for each 
type of mail based on their understanding of the behavior of the various donors. Thus, 
the mails received by the donors are endogenous in nature i.e. they indirectly 
determine to some extent what mails they receive in what number.  
In order to study the impact of mails, we built two different models that describes 
the two different donor responses (retention, upgrading) to two different types of 
mails, while controlling for endogeneity by modeling the mailing decision as a 
function of the donation behavior and the demographic profile of the donors. In CM, 
we have a dropout process and an upgrade process which is conditional on the 
dropout process. In SM and SM-F, we have the dropout process affecting the upgrade 
process by coming in as a variable in the upgrade process model. We also include 
contemporaneous error structure to account for the fact that all these responses are 
possibly correlated in case of SM and SM-F.  
Our substantive findings include the following: (1) Accounting for endogeneity is 
very important because otherwise the firm would be incorrectly deducing the 
response elasticity to the different types of mails and her propensity to sustain as a 
donor. (2) Accounting for all the correlations helped us find out some of the indirect 
but interesting links between upgrading and retention behaviors. (3) Donors response 
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to retention-seeking mails is very different from their response to upgrade-seeking 
mails. (4) A donor‟s decision to upgrade or drop-out very much depends on who she 
is, what types of mail she receives, and her current donation activity. For example, a 
donor who has upgraded once may have a lesser probability of upgrading again. 
However, a more important lesson for the firm is that since their mails can no 
longer be considered exogenous to the system they have to use a model similar to 
what we have proposed in order to explore the impact of their different mails more 
carefully. Also, it is important to correctly specify the model as the result and the 
subsequent implication will be dependent upon the model being specified. A simple, 
direct model may not be enough, and may in fact mislead them. But we do find some 
strong results across the different model specifications. For e.g. we find that the 
upgrade mails are not doing their job correctly and the firm should either redesign the 
upgrade mails or stop sending them.  This is a substantive finding which the firm can 
use to improve their mailing strategy more effectively. 
There are several directions in which we can take this research forward. One 
direction will be to actually do controlled market experiments to see the real effects of 
each of these different types of mails, donor characteristics and donation activities on 
donation behavior. This will give us better understanding of which is the right model 
to use in situations similar to this. Seeing how each of these models work in terms of 
predicting the future behavior of the donors given the mails sent out by the firm in 
each period is another way to check which model is more suitable especially if such 
large scale experiments are not possible. We have left the same for future work. 
Second direction will be to include competition (i.e. among charity firms 
soliciting donation from a donor) in our proposed model and see how consumers react 
to different types of mails from different companies. In the market we have 
considered in this paper the focal firm is a near-monopoly. So, we need to pick other 
markets for such an analysis. Under competing charity houses approaching a donor, 
would she donate to more than one charity? Would there be any ceiling in her 
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donation amount, and if yes, how would she distribute her donation among the 
charities? What would be the role of marketing mails on all these decisions including 
retention and upgrading?  
A third direction is for our research to explore what makes the people start 
donating. Since we don‟t have access to such a data set we could not model that 
behavior. It would be interesting to find if the same retention-seeking mails can be 
used or do we need a different type of mail for this. Typically donors are recruited by 
holding huge fund raising events or offering free medical check-up. How far these 
events help in recruiting donors and in retaining them is a research worth pursuing. A 
fourth direction for research would be to explore how donors evolve over time as they 
go through the different stages in their lives. We think it is possible to do this given 
our data set but a new modeling approach may be needed.  
A fifth  direction for research would be to look into how donors behave during 
catastrophic events such as the Tsunami of 2004 which killed hundreds of thousands 
of people, the SARS outbreak in 2003 or the tornado strikes in the US. Do they tend 
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Figure 1: Change in baseline with relationship in the CM 
 
Figure 2: Effect of increase in donation amount on donor hazards-CM 
 
Figure 3: Effect of increase in mails on donor hazards-CM 
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Figure 5: Effect of increase in retention-seeking and upgrade-seeking mails in 














Table 1: Contrast of existing literature with the current paper 
Sl. 




types of mails 
considered 












Van Diepen et.al. 
(2009) ,Donkers et.al. 
(2006) Y Y One To send mail or not 
To donate or not /donation 
amount Contact from firm RFM Y 
2 Netzer et.al. (2008) Y N  -  - 
Dynamic transition of state 
membership of consumer Contact from firm 
Relationship, Influence 
attempts and binary 
responses Y 
4 
Gönül and Hofstede 
(2006) N N One 
When and how many 
mails 
When and how much to 
buy Contact from firm RFM Y 
5 
Piersma and Jonker 
(2004) Y N One 
When and How many 
mail  - Contact from firm  - N 
6 Kim and Street (2004) N N One 
Maximizing of profit by 
identifying the best target 
for mailing  - Contact from firm 
Demographics & 
existing ownership N 
7 Elsner et.al. (2004) N N One 
When, to who and length 
of mailing list 
Customer migration  across 
segments Contact from firm 
RMF, behavioral, 
demographic data N 
8 Gönül and Shi (1998) N Y One 
Mail or not per time 
period 
Purchase or not per time 
period Contact from firm RFM N 
9 Vriens et.al. (1998) Y N One Conjoint experiment  -  -  - N 
10 
Bult and Wansbeek 
(1995) N N One Selection of target Purchase or not Contact from firm RFM, behavioral data N 
11 Our paper Y Y Two 
No./type  of each type of 
mails send out  per 
period 
1)Continue the 
membership or not 
2)To upgrade or not 
Continuous as well 
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Table 2: Summary statistics for the data 







 amount of donation (USD) 23.29 24.55 0.73 3284.67 
Average per period donation after upgrading (USD) 44.81 56.88 2.19 3284.67 
Retention-seeking mails per period 1.05 1.22 0 15 
Upgrade-seeking mails per period 0.40 0.62 0 7 
Total number of solicitation mails per period 1.45 1.45 0 16 
Time a donor was in the regular donations program before s/he 
dropped off (years) 1.82 0.94 0.5 4 
Total donation amount per donor (USD) 130.29 141.93 1.46 18029.20 
Total number of retention-seeking mails per donor  5.89 4.81 0 38 
Total number of upgrade- seeking mails per donor  2.25 1.62 0 11 
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We have defined each period to be 6 months. This is to coincide with the marketing budget allocation 
decision of the firm which is done every half year.  
26






Table 3: Result of CM estimation 
(NOTE:  Asymptotic standard errors in parentheses; Significance: '*'=10%;  '**'=5%;  '***'=1%.) 
Parameters Parameter Explanation Before endogeneity correction After endogeneity correction 
    Estimate   Std Error Estimate   Std Error 
Dropout Hazard: 
Donation activities(𝛿𝑑 ) 
Upgraded Before 0.170551 *** 0.02252 -0.04846 n.s. 0.035089 
Donation Amount -8.91635 *** 0.011661 -8.90088 *** 0.041477 















Age -0.01223 *** 0.00305 -0.01074 *** 0.000329 
Gender 0.111598 ** 0.049903 0.091051 *** 0.010074 
Citizenship -0.3531 *** 0.076018 -0.41912 *** 0.012988 
Race: Chinese  -0.52197 *** 0.142784 -0.54056 *** 0.014667 
Race: Indian  -0.44589 *** 0.154019 -0.42307 *** 0.015345 
Race: Malay  -0.65578 *** 0.15705 -0.62897 *** 0.01403 
Job: Manual labor  0.108708 *** 0.012045 0.102616 *** 0.012503 
Job: Junior Executive  -0.0832 n.s. 0.053428 -0.06612 *** 0.002642 
Job: Blue-collar  -0.35209 *** 0.053811 -0.32078 *** 0.026543 
Job: Non-salaried  -0.22623 *** 0.087685 -0.33239 *** 0.020324 
Job: Unemployed  -3.95368 *** 0.011275 -3.99442 *** 0.024574 
Job: Professionals  0.17546 *** 0.043619 0.156617 *** 0.006469 
Marriage: Married  -0.03172 n.s. 0.058854 -0.03522 *** 0.006561 
Marriage: Widowed  0.199664 *** 0.029896 0.213426 *** 0.000883 
Marriage: Divorced  -0.46621 *** 0.01318 -0.48212 *** 0.000824 
Intercept -0.5132 *** 0.078656 -0.50756 *** 0.013756 
Upgrade Hazard: 
Donation activities (𝛿𝑢 )  
Upgraded Before -7.28106 *** 0.01105 -7.29276 *** 0.006219 
Donation Amount 0.425458 *** 0.011097 0.587083 *** 0.128254 
Upgrade hazard: Donor 














Age 0.009265 *** 0.002745 0.017355 *** 0.002299 
Gender -0.11363 *** 0.010989 -0.18424 *** 0.031536 
Citizenship 0.238557 *** 0.011504 -0.34889 ** 0.171994 
Race: Chinese  0.005237 n.s. 0.014894 0.179179 *** 0.066873 
Race: Indian  0.45301 *** 0.01488 0.798403 *** 0.092487 
Race: Malay  0.122368 *** 0.016159 0.496784 *** 0.070238 
Job: Manual labor  -0.94464 *** 0.011064 -0.79486 *** 0.022123 
Job: Junior Executive  0.036339 *** 0.010928 0.113551 *** 0.032829 
Job: Blue-collar  0.44961 *** 0.010983 0.689638 *** 0.110361 
Job: Non-salaried  -0.22387 *** 0.012751 -0.21641 ** 0.099398 
Job: Unemployed  -2.45329 *** 0.01101 -2.88884 *** 0.349823 
Job: Professionals  0.028947 *** 0.010971 -0.20583 *** 0.064194 
Marriage: Married  -0.17403 *** 0.011398 -0.19881 *** 0.011594 
Marriage: Widowed  -0.0559 n.s. 0.050715 0.031591 *** 0.012181 





Intercept -0.0023 n.s. 0.011563 0.355403 *** 0.105268 
Dropout hazard: Baseline 
hazard 
a -0.57324 *** 0.090488 -0.70305 *** 0.017604 
b 0.162873 *** 0.023705 0.272798 *** 0.018893 





Retention-seeking mails -0.10486 *** 0.024345 0.087625 *** 0.023625 
Residual: Retention-seeking 
mails -     - -0.20321 *** 0.02591 
Upgrade-seeking mails -0.55725 *** 0.017684 -0.80947 *** 0.037835 
 
Residual: Upgrade-seeking 
mails -     - 0.247068 *** 0.037096 
Upgrade hazard: 
Baseline hazard 
c  -3.42203 *** 0.01376 -2.34517 *** 0.284044 
d  0.789263 *** 0.028377 1.076927 *** 0.057472 




Retention-seeking mails 0.558627 *** 0.021522 1.746896 *** 0.2539 
Residual: Retention-seeking 
mails -     - -1.18842 *** 0.254621 
Upgrade-seeking mails -0.15888 *** 0.011106 -0.95448 *** 0.155745 
Residual: Upgrade-seeking 







Table 4: Result of SM estimation 
(NOTE:  Asymptotic standard errors in parentheses; Significance: '*'=10%;  '**'=5%;  '***'=1%.) 
Parameter 


















Baseline for <1 year 1.2043 *** 3.5132 *** 
    (0.0303) (0.1233) 
  Baseline for >1 year 0.8408 *** 0.6430 *** 

















Intercept -2.7695 *** -7.6251 *** -0.6321 *** -2.5998 *** 
  (0.0761) (0.2834) (0.0137) (0.0257) 
Age -0.0175 *** 
 
-0.0070 *** 0.0000 
  (0.0012) 
 
(0.0002) (0.0004) 
Gender-Male 0.1891 *** 
 
0.0803 *** -0.0395 *** 
  (0.0190) 
 
(0.0033) (0.0062) 
Citizen 0.2008 *** 
 
0.6745 *** 0.2547 *** 
  (0.0279) 
 
(0.0065) (0.0115) 
Race: Chinese  -0.1631 *** 
 
-0.0820 *** -0.1207 *** 
  (0.0470) 
 
(0.0110) (0.0202) 
Race: Indian  -0.0377 
 
-0.1096 *** -0.0240 
  (0.0532) 
 
(0.0123) (0.0223) 
Race: Malay  0.1061 ** 
 
-0.1964 *** -0.0174 
  (0.0536) 
 
(0.0122) (0.0221) 
Marriage: Married  -0.0326 
 
0.0403 *** 0.0366 *** 
  (0.0225) 
 
(0.0040) (0.0078) 
Marriage: Widowed  0.1241 
 
0.0894 *** 0.0387 
  (0.0788) 
 
(0.0144) (0.0275) 
Marriage: Divorced  -0.1361 
 
-0.0328 -0.0034 
  (0.1609) 
 
(0.0272) (0.0511) 
Job: Manual labor  0.3092 *** 
 
-0.2210 *** -0.0119 
  (0.0937) 
 
(0.0225) (0.0400) 
Junior Executive  0.0317 
 
0.0620 *** 0.0570 *** 
  (0.0323) 
 
(0.0058) (0.0112) 
Job: Blue-collar  -0.0655 ** 
 
-0.1710 *** 0.0098 
  (0.0300) 
 
(0.0056) (0.0103) 
Job: Non-salaried  0.0965 *** 
 
-0.4666 *** -0.8365 *** 
  (0.0366) 
 
(0.0080) (0.0125) 
Job: Unemployed  0.0491 
 
0.0884 -0.2809 ** 
  (0.4040) 
 
(0.0651) (0.1329) 
Job: Professionals  0.0224 
 
0.3724 *** 0.1205 *** 






Upgraded Before -2.3855 *** 0 0.1300 *** 1.1819 *** 
  (0.1027) 0 (0.0061) (0.0119) 
Donation Amount 4.1017 *** -3.2093 *** -0.5773 *** -1.5354 *** 
  (0.0801) (0.2255) (0.0129) (0.0362) 
𝛾 
 
No of retention-seeking mails -0.1675 *** 0.0125 
    (0.0123) (0.0110) 
  No of upgrade-seeking mails -1.1735 *** 0.2370 *** 
    (0.0287) (0.0580) 
  
𝜆 





  μ3 
 
Time since joining/upgrading 
  








Heterogeneity σε2   1.4466 *** 
 
 
  (0.0371) 
 
 
 σε1  0.4269 *** 
 
 
  (0.0525) 
 
 
 σθ  0.4328 *** 
 
 
  (0.0017) 
 
 
 𝜌ε1ε2  -0.6174 *** 
 
 
  (0.1115) 
 
 
  𝜌𝜃ε2  0.1611 *** 
 
 
  (0.0124) 
 
 
  𝜌ε1𝜃  0.6299 *** 
 
 









Table 5: Comparing Models Before and After Controlling for Endogeneity- SM 
(NOTE:  Asymptotic standard errors in parentheses; Significance: '*'=10%;  '**'=5%;  '***'=1%.) 
 



































Baseline hazard for <1 year 1.2043 *** 1.3711 *** 
(0.0303) (0.0487) 
Baseline hazard for >1 year 0.8408 *** 0.3170 *** 
(0.0177) (0.0040) 
Intercept -2.7695 *** -3.8328 *** 
(0.0761) (0.0969) 
Age -0.0175 *** -0.0093 *** 
(0.0012) (0.0007) 
Gender-Male 0.1891 *** 0.0821 *** 
(0.0190) (0.0107) 
Citizen 0.2008 *** 0.0535 *** 
(0.0279) (0.0152) 
Race: Chinese -0.1631 *** -0.0777 *** 
(0.0470) (0.0251) 
Race: Indian -0.0377 -0.0267 
(0.0532) (0.0289) 
Race: Malay 0.1061 ** 0.0950 *** 
(0.0536) (0.0290) 




Marriage: Widowed   
0.1241 0.0760 * 
(0.0788) (0.0453) 
Marriage: Divorced  
-0.1361 -0.0324 
(0.1609) (0.0975) 
Job: Manual labor  
  
0.3092 *** 0.1502 *** 
(0.0937) (0.0527) 




Job: Blue-collar  
  
-0.0655 ** -0.0301 * 
(0.0300) (0.0177) 
Job: Non-salaried  
  
0.0965 *** 0.0485 ** 
(0.0366) (0.0198) 




Job: Professionals  
  








4.1017 *** 1.9296 *** 
(0.0801) (0.0204) 
No of retention-seeking mails  
 
-0.1675 *** -0.0121 ** 
(0.0123) (0.0052) 
No of upgrade-seeking mails  
 









Baseline hazard for <1 year 3.5132 *** 25.7199 *** 
(0.1233) (4.6628) 
Baseline hazard for >1 year 0.6430 *** 0.6186 *** 
(0.0183) (0.0065) 









































































Marriage: Married  












Job: Manual labor  




Junior Executive  




Job: Blue-collar  




Job: Non-salaried  




Job: Unemployed  




Job: Professionals  










-3.2093 *** -0.0209 
(0.2255) (0.1062) 
No of retention-seeking mails 
  
0.0125 0.0298 *** 
(0.0110) (0.0054) 
No of upgrade-seeking  mails  
 














Table 6: Comparing between CM and SM 
(NOTE:  Asymptotic standard errors in parentheses; Significance: '*'=10%;  '**'=5%;  '***'=1%.) 
 




Upgraded Before -0.0484552 n.s. -2.3855 *** -3.0081 *** 









Gender 0.0910515 *** 0.1891 *** 0.1119 *** 
Citizenship -0.4191249 *** 0.2008 *** -0.226 *** 
Race: Chinese  -0.5405568 *** -0.1631 *** -0.0834 n.s. 
Race: Indian  -0.4230731 *** -0.0377 n.s. 0.0853 n.s. 
Race: Malay  -0.6289675 *** 0.1061 ** -0.0063 n.s. 
Job: Manual labor  0.102616 *** 0.3092 *** 0.1293 n.s. 
Job: Junior Executive  -0.0661154 *** 0.0317 n.s. 0.0288 n.s. 
Job: Blue-collar  -0.3207825 *** -0.0655 ** 0.13 n.s. 
Job: Non-salaried  -0.3323921 *** 0.0965 *** 0.0486 n.s. 
Job: Unemployed  -3.9944182 *** 0.0491 n.s. -0.1232 *** 
Job: Professionals  0.1566174 *** 0.0224 n.s. 0.0301 n.s. 
Marriage: Married  -0.0352167 *** -0.0326 n.s. -0.1605 n.s. 
Marriage: Widowed  0.2134265 *** 0.1241 n.s. 0.2024 *** 
Marriage: Divorced  -0.4821216 *** -0.1361 n.s. 0.3105 *** 




Upgraded Before -7.2927574 *** 0.000  n.s. 0.000 n.s. 









Gender -0.1842397 ***     0.11720 *** 
Citizenship -0.3488893 **     -0.31810 *** 
Race: Chinese  0.1791787 ***     -0.11360 n.s. 
Race: Indian  0.7984031 ***     -0.21350 * 
Race: Malay  0.4967844 ***     -0.08830 ** 
Job: Manual labor  -0.7948572 ***     0.03010 n.s. 
Job: Junior Executive  0.1135511 ***     -0.25980 n.s. 
Job: Blue-collar  0.6896378 ***     0.19820 n.s. 
Job: Non-salaried  -0.2164106 **     0.09510 * 
Job: Unemployed  -2.8888416 ***     -0.13530 *** 
Job: Professionals  -0.2058301 ***     -0.37350 *** 
Marriage: Married  -0.1988129 ***     -0.34370 n.s. 





Marriage: Divorced  -0.5937377 ***     0.25080 *** 
Intercept 0.3554026 *** -7.6251 *** -10.8791 *** 
Dropout Process: 
Baseline hazard 
a/ Baseline for <1 year -0.7030545 *** 1.20430 *** 1.58300 *** 
b/ Baseline for >1 year 0.2727975 *** 0.84080 *** 1.05630 *** 
Dropout Process: 
Mails(𝛾𝑑 ) 
Retention-seeking mails 0.0876252 *** -0.1675 *** -0.166 *** 
Residual: Retention-




Upgrade-seeking mails -0.8094713 *** -1.17350 ***     
Residual: Upgrade-









Lag Total Mails         -1.49860 *** 
Upgrade Process: 
Baseline hazard 
c/Baseline for <1 year -2.3451695 *** 3.51320 *** 4.43610 *** 
d/ Baseline for >1 year 1.0769266 *** 0.64300 *** 1.31840 *** 
Upgrade Process: 
Mails(𝛾𝑢 ) 
Retention-seeking mails 1.7468956 *** 0.01250 n.s.     
Residual: Retention-




Upgrade-seeking mails -0.9544822 *** 0.23700 *** -0.79950 *** 
Residual: Upgrade-





mails         -0.92940 
*** 
Lag Total Mails         0.16540 *** 
𝜆 
 Effect of dropout on 










σε2       1.44660 *** 1.85550 *** 
σε1      0.42690 *** 1.63370  *** 
σθ      0.43280 *** 0.49200 *** 
𝜌ε1ε2      -0.6174 *** 0.74670 *** 
 𝜌𝜃ε2      0.16110  *** 0.88610 *** 
 𝜌ε1𝜃      0.62990  *** 0.39800  *** 
 
